A 3-week-growth trial was conducted to investigate the effects of chromium picolinate, L-carnitine, and thyroxine on the growth performance, nutrient digestibility, and N balance in starter pigs. Eighty starter pigs (Landrace x Yorkshire x Duroc, 21 ±2 days of age, 5.4 kg of average initial body weight) were employed in a completely randomized block design with four treatments: 1. Control: without additives, 2. CrP: control diet + 0.05% of chromium picolinate, 3. Carnitine: control diet + 0.5% of Camifeed(10%> of carnitine), 4. Thyroxine: control diet + L-thyroxine injection (0.1 mg/day/ head), 5 replications and 4 heads per pen. Although there were no significant differences (P>0.05) in average daily gain (ADG) and average daily feed intake (ADFI), all of the pigs supplemented with CrP, L-carnitine and thyroxine grew better than pigs in the control group. Pigs fed L-carnitine showed the best ADG (15% of improvement compared with control group) through the entire experimental period and feed/gain ratio was improved (PO.05). Digestibilities of energy, dry matter, crude protein and crude ash were improved (P<0.05) by the inclusion of L-carnitine, chromium picolinate or injection of thyroxine. Pigs fed chromium picolinate showed the best nutrient digestibilities. In a N balance trial, excreted N was lower (PO.05) in pigs of all treated groups than in the control group. The N in feed also was more efficiently retained in pigs of treated groups. The DNA content of the liver 
INTRODUCTION
Postweaning growth lag has been regarded as a serious problem in the swine industry. Thus, researchers have investigated means to improve post-weaning growth. It has been reported that the Cr requirement could increase in humans and in animals as a consequence of factors usually described as 'stressors' such as fatigue, trauma, pregnancy and several forms of nutritional, metabolic, physical, environmental and also emotional stress (Burton, 1995) . Mooney and Cromwell (1997) reported that supplementation of organic chromium (200 |ig/kg in the diet) from chromium picolinate resulted in a slightly better weight gain and feed conversion ratio without significant difference. Furthermore, chromium picolinate may improve N digestibility and N absorption (Konergay et al., 1997) .
Recently, researchers have been interested in the role of dietary L-carnitine in swine nutrition. It is reported that inclusion of dietary L-carnitine could enhance the growth performance of starter pigs (Weeden et al., 1990; Owen et al., 1996; Cho et al., 1999a,b) . Furthermore, L-carnitine could improve N digestibility, N retention rate as well as biological value of feeds in pigs (Heo et al., 1999) . Numerous studies with starter pigs (Weeden et al., 1990; Newton and Burtle, 1992; Owen et al., 1996) have shown that L-carnitine might be beneficial when added to diets for neonatal and starter pigs.
Thyroid hormones are necessary for normal growth, development, and a variety of metabolic functions including muscle protein synthesis and breakdown (Flaim et al., 1978; Brown and Millward, 1983; Hayashi et al., 1984) , growth hormone metabolism (Harvey, 1983) and heat production (Bowen et al., 1984) . Although it is well established that thyroid hormones are required for normal growth, limited research has been conducted with pigs. Furthermore, no further investigations were found regarding pig production.
Though use of chromium picolinate, L-carnitine and L-thyroxine has received intensive interest in starter piglet nutrition, results from studies with chromium picolinate and thyroxine have been inconsistent, and limited research with L-carnitine has been conducted only recently in the field of swine nutrition. Furthermore, information is scarce on nutrient digestibility and especially N balance and DNA, RNA and protein concentration in the liver of starter piglets. Therefore, the objective of the present study was to examine the nutritional values of chromium picolinate, L-carnitine and thyroxine comparing the growth, nutrient digestibilities, N balance, DNA, RNA and protein concentration in the liver of starter pigs.
MATERIAL AND METHODS
Eighty starter piglets (Landrace x Yorkshire x Duroc) that averaged 21 ±2 days of age and 5.4 kg of body weight were weaned and housed in 1 x 2 m 2 pens with concrete slat floor according to a completely randomized block design. Room temperature was maintained at 29±1°C. For the first 2 days of the pre-experimental period, pigs were fed a commercial pre-starter diet for adaptation. Pigs were grouped into 5 replications and 4 heads per replicate. * Treatments were: 1. Control: without additives, 2. CrP: control diet + 0.05% of chromium picolinate (200 |Ltg/kg as chromium), 3. Carnitine: control diet + 0.5% of Carnifeed(500 mg/kg as L-carnitine), 4. Thyroxine: control diet + L-thyroxine solution injection (0.1 mg/day/head). Pigs in the Thyroxine group were injected daily with L-thyroxine (Sigma Chemical Company, St. Louis, USA) solution that was diluted in 100 |Lig/ml 0.04 N NaOH.
Experimental diets were formulated to contain 3.41 Mcal/kg diet of metabolisable energy, 23.01%) of crude protein, 1.65% of lysine, 0.47% of methionine, 0.9%) of Ca and 0.8% of P (Table I ). Adequate amounts of vitamins and minerals were used as suggested by the NRC (1998). Chromic oxide (Cr 2 0 3 ) was added (0.2% in the diet) as an indigestible marker to allow digestibility determinations (McDonald et al., 1995) .
Pigs were allowed ad libitum access to water and diets during the 21 -day growth trial, and all diets were given in mash form. Body weights and feed intakes were measured at day 7, 14 and day 21 from the beginning of the experiment. Average daily gain (ADG), average daily feed intake (ADFI) and feed/gain (F/G) were calculated on a group basis at each time point.
For the determination of nutrient digestibilities and N balance, a metabolic trial with 16 pigs (11.5 kg of average initial body weight) was conducted. Pigs with similar body weights were allotted in a completely randomized block design. For the first 10 days of the pre-experimental period, pigs were fed the experimental diet for adaptation to the metabolic crates (45 x 55 x 47 cm 2 width x length x height). Collected (for 3 days) faecal samples were pooled after a 4-day introduction of the experimental diet, and dried in an air-forced drying oven at 60°C for 72 h and ground with 1 mm (18 mesh) Wiley mill for further chemical analyses. Individual urinary samples were collected and pooled 3 times a day in a plastic bottle (2 liter) containing 50 mL of 25% sulphuric acid (H 2 S0 4 ) to minimize the N loss by evaporation of ammonia and to maintain the pH of the urine below 2. Urine was stored at -20°C and dried faeces at 4°C (Canh et al., 1997) .
Proximate composition of diets, faeces, and urine were analyzed according to AO AC (1990) , and Cr was measured by an atomic absorption spectrophotometer (Shimadzu, AA-6410F, Japan). Gross energy content was measured using an adiabatic bomb calorimeter (Model 1241, Parr Instrument Co.. USA). Sixty pigs used in the metabolic trial were anaesthetized for the liver biopsy. Liver samples were collected and frozen in liquid nitrogen and stored at -70°C until they were analyzed for DNA and RNA contents (Sambrook et al., 1987; Buskirk et al., 1996) , and protein contents using the Bradford assay (Bollag and Edelstein, 1991) .
Statistical analysis of data was carried out by comparing means using the LSD (least significant difference) test, and the GLM procedure of the SAS (1990) package program.
RESULTS AND DISCUSSION

Growth performance
There were no significant differences in ADG and ADFI (Table 2) ; however, all treated pigs tended to grow better (P>0.05) than pigs in the control group. Pigs fed L-camitine showed the best ADG (15% of improvement compared with control group) through the entire experimental period and the F/G was improved (P<0.05). For the first 7 days of the experimental period, supplementation of L-camitine did not improve (P>0.05) the ADG. Pigs in treated groups showed improved feed conversion ratio (P>0.05) when compared with that of pigs in the control group. Similar trends were observed in the 2nd and 3rd week of the trial. The ADG of pigs fed L-camitine during days 7 to 14 day and 14 to 21 were improved by 20 and 15%, respectively. While pigs fed chromium picolinate did not show improvements in ADG during days 7 to 14, pigs injected L-thyroxine showed similar improvement (17%) to that of pigs fed L-camitine. For the last week of the trial (14 to 21 day), pigs fed chromium picolinate and those injected with L-thyroxine showed improvements in ADG by 11 and 13%, respectively.
In the limited literature on chromium in starter pigs, it is generally reported that 200 |Lig/kg of Cr does not impair the growth rate and feed intake or efficiency of feed utilisation of pigs (Page et al., 1993) . Lindmann et al. (1995) did not find any improvements in growth rate with the supplementation of chromium picolinate, while the F/G ratio was improved, which corresponds with the results of the present study. In contrast, Mooney and Cromwell (1995) found an improvement in growth rate but the F/G ratio was not influenced by the supplementation of dietary chromium picolinate. Lein et al. (1996) reported an increase in growth and feed intake attributed to the supplementation of dietary chromium picolinate. Our previous study (Cho et al., 1999b ) also indicated that inclusion of 200 |ig/kg Cr as chromium picolinate improved (PO.05) the growth performance of starter piglets. Mooney and Cromwell (1997) reported that though there was no significant difference, supplementation of organic Cr (200 jug/kg Cr) from chromium picolinate resulted in slightly better weight gain and feed conversion ratio. The present study showed a slightly better growth rate and improved (PO.05) F/G ratio through the entire experimental period. These results suggest an inconsistent effect of Cr (as chromium picolinate) on the growth performance of pigs. It is reported that weaning pigs might be deficient in ascorbic acid, which is crucial for endogenous carnitine synthesis (Mahan et al., 1994) . In general, carnitine is low in feed ingredients of plant origin and high in animal sources (Owen et al., 1997) . Grains and oilseed meals are low in carnitine whereas feed ingredients from animal sources (such as milk products) do contain carnitine. However, plasma protein that is universally used in weaner diets has a low carnitine content (Lonza, 1996; Neumann, 1996) . Regardless of the different inclusion level of dietary L-carnitine, our previous studies (Cho et al., 1999a,b) reported that use of L-carnitine was beneficial for the early growth of starter piglets. Similarly, the growth rate tended to be improved (P>0.05) through the entire experimental period with the inclusion of dietary L-carnitine. While Ewan (1987) and Hoffman et al. (1993) reported no improve-merit in growth rate with the supplementation of dietary carnitine, Owen et al. (1994 Owen et al. ( , 1996 reported that dietary L-carnitine addition (1,000 mg/kg) improved growth performance when fed during the nursery phase. Similarly, Fremaut (1993) and Galvez et al. (1996) also found an improved F/G ratio in their experiments with starter piglets. Li et al. (1999) reported that carnitine had no effect in the first 2 weeks after weaning (35 days of age); however, there was a highly significant effect of increasing growth during the period of 14 to 28 days after weaning. Some studies (Weeden et al, 1990 (Weeden et al, , 1991 Galvez et al., 1996; Owen et al., 1996) supported that L-camitine seemed to improve the growth of starter piglets after three to four weeks post weaning; however, Galvez et al. (1996) explained that this might be due to the L-camitine from sow milk during lactation and biosynthesis by the piglets after weaning being enough to utilize solid post-weaning diets.
Scarce information is available on the effect of thyroxine in pigs. KaciubaUscilko et al. (1970) reported a reduced growth rate following three successive injections of thyroxine. They observed that thyroxine-treated animals were lower (P<0.05) in weight gain than the saline controls at 2-4 weeks after injection (300 |Lig kg/kg body weight) in new-bom piglets. Suthama et al. (1989) reported that dietary inclusion of thyroxine (1.2 mg/kg) in broiler's diet did not impair the growth rate; however, feed consumption was lowered by 6% and feed efficiency was improved by 11%. They (Suthama et al., 1991) also reported that if broilers were fed adequate dietary protein, thyroxine did not impair the growth of broiler chickens. Similarly, Kim et al. (1993) observed no difference in growth rate of broiler chickens fed 1.5 mg/kg of dietary thyroxine, but when the level of thyroxine was increased to 3.0 mg/kg, the growth rate was lowered (P<0.05). Marple et al. (1981) noted the importance of thyroxine for growth of pigs. They investigated the relationship between thyroxine secretion and growth rate and showed that higher concentrations of thyroxine at 14 and 18 weeks of age coincided with the period in which the most rapid relative growth was observed; that is, body weight had approximately doubled from 10 to 14 and 14 to 18 weeks of age. The changes in relative growth rate and thyroxine concentrations support the classical observations that thyroid hormones are necessary for growth. Galton (1975) observed increased growth rate in rats receiving thyroxine in doses ranging from 1.5 to 30 |LLg/day (approximately 1 to 20 jig/100 g body weight). Rats given the higher doses continued to gain weight, although at a slower rate than did those given the low doses of thyroxine.
Nutrien t digeslibUity
Digestibilities of energy, dry matter, crude protein and cmde ash were improved (P<0.05) by the inclusion of L-carnitine, chromium picolinate or injection of thyroxine. No difference was found in crude fat digestibility between pigs in Control and Thyroxine groups. Pigs fed chromium picolinate showed the best nutrient digestibilities. Though there were no significant differences, elevated growth rates of pigs and feed conversions seemed to be explained by the higher nutrient digestibilities (Table 3) . Our previous study (Cho et al., 1999b) showed that supplementation of chromium picolinate and L-carnitine improved (PO.05) nutrient digestibility. Konergay et al. (1997) reported that inclusion of chromium picolinate improved the digestibility of dry matter by 1.3% (87.7%>) compared with controls. Scarce information is available on the effect of chromium picolinate, L-carnitine and thyroxine on nutrient digestibilities in pigs. Hoffman et al. (1993) reported no improvement in energy utilisation in neonatal and young pigs fed L-carnitine. However, previous studies (Broquist, 1982; Borum, 1983; Bremer, 1983; Rebouche and Paulson, 1986) , showed that added L-carnitine improved fat utilisation, especially fatty acids in (3-oxidation in mammals. Also Cho et al. (1999a) reported that L-carnitine improved the crude fat and gross energy digestibility in starter piglets.
Nitrogen balance
As shown in Table 4 , excreted N via faeces and urine were lower (PO.05) in all treated pigs than in controls. Feed N was also more efficiently retained in pigs of the treated groups. These higher N efficiencies also could explain the higher crude protein digestibility and growth rate effects.
Generally, chromium picolinate has been regarded as a carcass modifier. Page et al. (1993) , Lindmann and Purser (1997) and Porter (1997) reported that organic chromium stimulated protein growth, resulting in higher lean percentage. Furthermore, recently Konergay et al. (1997) reported that N absorption of pigs fed chromium picolinate was improved (PO.05). Similarly L-carnitine was reported to improve daily protein accretion (Heo et al., 1999) . They noted two possible ways. One is that L-carnitine increased (3-oxidation of fatty acids which could supply more energy for protein synthesis. Or lysine degradation was reduced by the increased energy from fat, and more dietary amino acids could be directed toward protein synthesis. Kim et al. (1993) reported that an increased level of dietaiy thyroxine (0 to 3.0 mg/kg) resulted in higher protein accretion, while crude fat content was decreased in broiler chickens. Wilson et al. (1983) observed a decrease in abdominal fat content when broilers fed dietary thyroactive iodinated casein, and it could be assumed that the elevated level of thyroxine induced by the iodinated casein in the diet increased muscle mass and decreased body fat content.
DNA, RNA and protein concentrations in liver
Hepatic DNA, RNA and protein concentrations were also investigated ( Table  5 ). The DNA contents were higher (PO.05) in all treated groups. Only the pigs fed L-carnitine showed higher (PO.05) RNA content. The protein contents seemed higher in pigs fed chromium picolinate or injected L-thyroxine. Liver DNA, RNA and protein concentrations were all higher (PO.05) in pigs fed L-carnitine compared with controls. According to the report from Wilson et al. (1990) , total liver DNA, RNA and protein content implies more cells and greater liver protein synthetic capacity in the L-carnitine group in the present study. Total DNA levels could be equated to the number of nuclei and cell number (Enesco and Leblond, 1962) . Winick and Noble (1965) and Scornim (1982) reported that changes in total protein (and to some extent total RNA) may reflect changes in both cell number and cell size and the protein:DNA ratio generally reflects changes in cell size. According to the results previously cited, dietary L-carnitine could increase the number of cells as well as their size. These could support the higher growth rate, nutrient digestibility and the N absorption of the present study. 
CONCLUSIONS
Conclusively, 200 |J.g/kg of chromium picolinate, 500 mg/kg of L-carnitine and 0.1 mg/day/head of thyroxine injection may be useful in terms of growth and nutrient utilisation in pigs weaned at 21 days of age. Furthermore, the nitrogen balance sustains the growth promoting effect of L-carnitine, chromium picolinate and the L-thyroxine in starter pigs. However, further studies are needed to obtain biochemical and economic values as well.
